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Abstract: This study involved an empirical comparison of product competitiveness driven by aesthetic and technological innovations in a mature 
market. This study began with a theoretical idea that users may perceive and evaluate technology development through the visible form of a pro-
duct. Statistical analyses of user reviews of digital cameras showed that the impact of technology development on competitiveness was greater than 
that of aesthetic changes. The results demonstrated that users did not leverage product appearance for the recognition of technology development. 
Moreover, the findings show that specification information had a greater influence on product advantage when users did not visually perceive 
technological improvement. These results may indicate that manufacturers have not yet fully exploited product design for maximising product 
advantage in the mature market. 
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Introduction
In recent years, design has been re-appreciated as a driver of suc-
cessful new product development (NPD). Many studies have shown 
that advanced design, or the involvement of advanced industrial 
designers in R&D processes, results in the improvement of product 
performance (Gemser and Leenders, 2001; Hertenstein, Platt, and 
Veryzer, 2005; Rubera and Droge, 2013; Walsh, Roy, Bruce, and Pot-
ter, 1992). The studies focused on ‘design’ have particularly empha-
sised the emotional value represented by aesthetic satisfaction that 
product forms evoke in consumers’ minds (Creusen, 2011). In con-
trast, the major focus of studies in the area of innovation manage-
ment has been on functional value, that is, the practical benefits 
that product performance offers consumers (Candi, 2006; Candi and 
Saemundsson, 2011).
However, consumers also perceive functional value in the form of a 
product (Bloch, 1995; Hoegg and Alba, 2011). For example, the 
transparent body of the Dyson DC01 vacuum cleaner literally 
shows the functional advantage of the bagless system (Talke, Salo-
mo, Wieringa, and Lutz, 2009). In this sense, consumers actually 
see the main functional feature as a perceptual icon of the product 
(see Kreuzbauer and Malter, 2005). This example indicates that 
functional features presented by product design can be valued by 
consumers as both emotional and functional (Buganza, Dell’Era, 
Pellizzoni, Trabucchi and Verganti, 2015; Crilly, Moultrie, and 
Clarkson, 2004; Hoegg and Alba, 2011). The present paper defines 
functional features that can be a source of both values as perceived 
function (see Figure 1). 
Figure 1. Perceived Function
Eisenman (2013) emphasised that the role of product form varies de-
pending on the extent to which a consumer understands the functio-
nal value of an item. Once consumers understand what a new product 
in the same category does, they evaluate the evolution of the functions 
of the new item compared to those of previous models (Crilly, Moul-
trie and Clarkson, 2004; Kaplan and Tripsas, 2008; Mugge and Dahl, 
2013). However, unclear incremental technological developments in 
product form would make it difficult for users to recognise the up-
grades from previous models. Therefore, once new technology has 
become common in the market, consumers begin to respond to its 
aesthetic aspects, which continue to be new to them, rather than the 
functional aspects (Crilly, Moultrie and Clarkson, 2004; Eisenman, 
2013). Whilst aesthetic innovation is important at this stage, if a new 
product form differs distinctly from a dominant design in the mar-
ket, consumers may have negative impressions because of the high 
learning cost of familiarising themselves with the new item (Borne-
mann, Homborg, and Schöler, 2015; Thompson, Hamilton, and Rust, 
2005). Therefore, the magnitude of consumers’ positive (or negative) 
responses towards changes in product form may allow us to gain a 
better understanding of product advantages achieved through design.
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Nevertheless, most literature on consumer response to products does 
not address function and perceived function, posing a challenge to 
researchers seeking the product advantage communicated by the pro-
duct form. Consequently, the knowledge gap between function and 
perceived function and aesthetics has rarely been addressed, whilst 
the synergetic interaction between the form and function of a pro-
duct has attracted considerable attention (Ravasi and Stigliani, 2012). 
Furthermore, from a practical perspective, despite investments by com-
panies that have developed new functions, a product with too many 
functions that increases learning costs does not seem ideal for consumers 
(Borneman et al., 2015; Hoegg and Alba, 2011; Thompson et al., 2005). 
As a result, most functions of a product are often not utilised, or even 
realised, by consumers unless they take the time to examine the product’s 
specifications (descriptions). For these academic and practical reasons, 
this paper suggests that issues regarding product form should be addres-
sed and explored through a comprehensive view of their impacts on both 
aesthetic and functional advantages (product performance).
To address this research question, this empirical study examines the 
extent to which the evolution of function is perceived by consumers 
through product form and then captures consumer perceptions of 
product advantages based on product form (aesthetics and perceived 
function) and function. This study employs a data set to represent 
users’ evaluations of the product that were made based on all their 
sensory perceptions of compact digital cameras. The initial explora-
tory analysis is conducted to identify perceived function and aesthetic 
impressions in the data. Next, confirmatory factor analysis is emplo-
yed to examine the extent to which there is a relationship between 
function and perceived function, which are identified by exploratory 
factor analysis; then, the extent to which consumers assess the impact 
of the function, perceived function, and aesthetic impression on pro-
duct advantage. 
Literature review and conceptual framework
Products offer consumers functional solutions and emotional satis-
faction. Innovation studies tend to expand their discussions to a di-
chotomous view between functionality and product form. However, 
users do demonstrate sensory reactions to technology and function, 
which partially comprise the users’ overall emotional response to a 
product form. The arguments regarding users’ emotional responses 
to the functional and meaningful features of a product may be better 
grasped by considering the value that people find in products.
Product values
Improved descriptions of perspectives regarding product values 
have been sought (Boztepe, 2007; Elliott, 1997; Kenrick et al., 2009; 
Lichtenstein and Burton, 1989; Oude Ophuis and Van Trijp, 1995; 
Sheth, Newman, and Gross, 1991; Sweeney and Soutar, 2001; Turel, 
Serenko, and Bontis, 2010). This study found that the arguments re-
garding product value can be summarised by two simple aspects: a 
value that is provided by the physical function of a product and makes 
changes in the real world is known as utilitarian value; and that which 
provides emotional satisfaction and makes changes within one’s mind 
is known as hedonic value (Chitturi, Raghunathan, and Mahajan, 
2008; Hanzaee and Baghi, 2011; Hirschman and Holbrook, 1982).
In the context of business, the cost that one is willing to pay is deter-
mined by the consumer’s judgement of the perceived price and quali-
ty (Chang and Wildt, 1994; Shetty, 1987; Steenkamp, 1990; Toivonen, 
2012). Consequently, the perception of a product’s features (utilita-
rian and hedonic) that identify the product quality for a user is a cru-
cial influence on consumer attitudes towards items. A framework that 
captures product value in utilitarianism and hedonism may therefore 
be useful for an in-depth consideration of what consumers find be-
neficial in different situations. However, the value of products may 
not be fully understood if the goods are regarded as encompassing 
either utilitarian or hedonic value. For example, certain consumers 
may purchase automobiles for the purpose of transportation, whilst 
others may regard the same products as a representation of their ar-
tistic sense or as a symbol of their status. Thus, it would be more ap-
propriate to posit that every product innately has both utilitarian and 
hedonic features that together comprise the perceived value of pro-
ducts and that what matters is the ratio between the two (Steenkamp, 
1990; Voss, Spangenberg and Grohmann, 2003). This paper uses the 
terms utilitarian value and hedonic value to refer to these product 
features (Figure 2).
Figure 2. Structure of Utilitarian and Hedonic Values
Utilitarian value
Sensory responses to product form
Researchers have striven to empirically explore the interaction bet-
ween products and consumers through their senses. Bloch (1995) 
developed a psychological model of the consumer response to 
products and indicated the importance of seeking an ‘ideal’ form 
that must satisfy design constraints and achieve superiority to com-
petitors both in utilitarian and hedonic values. Crilly et al. (2004) 
particularly focused on the consumer’s visual response to product 
form. They revised the literature across a wide range of disciplines 
and concluded that product form visually communicates an aesthe-
tic impression, semantic interpretation, and symbolic association, 
referring to the beauty of a product’s appearance, the functional 
features (including perceived function and ergonomics, recognised 
through product form), and the images and meanings associated 
with a product. These are major indexes of perception that users 
obtain through observing the product. In fact, other researchers 
have discussed these three domains in (innovative) products using 
different terms. Table 1 provides a summary of the studies and the 
expressions used in them.
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Table 1. Three-dimensional Segmentation of Sensory Responses to Product Form
Aesthetic Aspect Functional Aspect Symbolic Aspect
Crilly, Moultrie, and Clarkson (2004) Aesthetic interpretation Semantic interpretation Symbolic association
Norman (2004) Visceral level Behavioural level Reflective level
Candi (2006) Visceral design Functional design Experiential design
Rampino (2011) Aesthetic Use Meaning




These studies regard product form as an important communicator of 
aesthetic, functional, and symbolic aspects in users’ intuitive unders-
tandings (Crilly, Good, Matravers, and Clarkson, 2008; Crilly, Maier, 
and Clarkson, 2008). Consequently, these studies indicate that tech-
nology and product form are not isolated from each other, and we 
might assume that users recognise the fruition of R&D through pro-
duct form. Product aesthetic and function—which are main sources 
of hedonic and utilitarian values, respectively—emerge and shape the 
product. The product features overlapping both domains are percei-
ved function and ergonomics, as shown in Figure 3.
Figure 3. Value and Sensory Response to Product Form
Utilitarian value
Conceptual framework
Recent studies have used empirical tests to explore the relationship 
between product form and functional value. Moon, Park, and Kim 
(2015) and Borneman et al. (2015) conceptualised product form into 
ergonomic, aesthetic, and functional values to identify the main dri-
vers of product advantage. The former study found that product inno-
vativeness was highly appreciated when all the aforementioned values 
were found to be high. However, the latter study claims that consu-
mers evaluate ergonomic and functional value independently based 
on product advantage. The reason that these findings are inconsistent 
is that the former examined the consumer perception of functions 
without providing linguistic descriptions of the functions to survey 
respondents. Meanwhile, the latter provided text information of the 
functions when examining the perception responses of consumers 
to products. In other words, Moon et al., (2015) explored perceived 
function, whilst Borneman et al. (2015) examined consumer response 
to function (Figure.4). As such, the absence of the concept of percei-
ved function caused confusion and resulted in contradicting reports.
Figure 4. Framework of Extant Literature
Meanwhile, Hoegg and Alba (2011), who explored the relationship 
between function and perceived function, found that consumers 
even appreciated perceived function when they were provided with 
less information about function. This finding indicates the limita-
tion of consumers’ ability to understand functional evolution based 
on product form. Furthermore, Mugge and Dahl (2013) discovered 
that aesthetic newness had no impact on consumers’ evaluation of 
the incremental functional evolution explained by text description.
In contrast to the previous frameworks regarding the relationships 
among product aesthetics, function, and advantage, we propose a 
new conceptual framework (see Figure 5). This framework aims at 
exploring the extent to which the evolution of function is perceived 
by consumers through product form and the function, perceived 
function and aesthetics have impacts on product advantages. The 
next chapter presents the empirical study based on this conceptual 
model.
Figure 5. Conceptual Framework
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Confirmatory and exploratory factor analysis
This empirical test aims to evaluate the extent to which an evolution 
of the function is perceived by consumers through product form and 
then capture consumer perceptions of product advantages based on 
product form and function. The compact digital camera industry is 
chosen for this study as it provides a compelling setting in which to 
identify such values because of its high diffusion rate, modularised 
technology and a strong downward price pressure (Fehder, Nelling, 
and Trester, 2009).
Data set
This study employs a data set to represent users’ evaluations of a pro-
duct that were made based on their sensory perceptions; Kakaku.com 
is a web-based shopping service in Japan and was chosen as a data 
source. This website includes user ratings, which are direct feedback 
from users who have used the products, and descriptions of each 
item’s technological specifications; it comparatively presents the pri-
ces offered by different sellers for the same product. On this website, 
users can post their five-level ratings to each presented review item 
for the specified digital camera. Each model has multiple user ratings 
as well as averaged ratings. Table 2 shows the items of the digital ca-
mera that the users review. The indexes include evaluations based on 
a relatively iconic functional feature for consumer and product form. 
The product was launched by four Japanese manufacturers (Panaso-
nic, Canon, Sony, and Casio) from 2011 to 2014; it is used becau-
se Benner and Tripsas (2012) indicated that a firm’s prior industry 
affiliation influenced technology choice. As all 112 products include 
multiple user ratings during this period, this study employs the ave-
raged data of each product’s multiple ratings.
Table 2. User Review Items
Item Questions to Users
Q1 Aesthetics How are the aesthetics?
Q2 Image quality How is the image quality?
Q3 Mode of use
Is the menu easy to operate? Is it easy to 
set up?
Q4 Battery Is the battery life long enough?




How is the image stabilisation? 
How are the camera modes?
Q7 Display Is the screen easy to see?
Q8 Grip performance Does it have a good grip?
Q9 Total Total satisfaction
Research design
The initial exploratory analysis was conducted to identify perceived 
function and aesthetic impression in the data. The evaluative indexes 
include the following functions: image quality, battery life, compact-
ness, camera modes, screen, and grip performance. There is theore-
tical identification of their few iconic functions; for example, image 
quality may be an iconic function that represents a digital camera. In 
a general way, the size of the image sensor, which the image quality 
depends on, affects the application of the lenses; thus, the form of the 
lens occupies an important role in product design. As a result, users 
may understand the evolution of the image quality through product 
form. Moreover, some studies have employed a panel of experts to 
identify the dimensions of perceived value in a product’s appearance 
(Dell’Era and Verganti, 2011; Hertenstein et al., 2005; Veryzer, 2005).
Users’ functional evaluations through product form likely depend 
on their limited perception (Hoegg and Alba, 2011), which is dri-
ven by their individual experiences and expectations (Kreuzbauer 
and Malter, 2005). Thus, users’ perceptions may be different when 
the function is identified theoretically or by a panel of experts. The-
se methodologies are not suitable for this study because of its focus 
on the users’ actual perception of objective function through product 
form. Thus, exploratory factor analysis is employed to identify percei-
ved functionality and aesthetic impression in the data.
Next, confirmatory factor analysis is employed to examine the extent 
to which there is a relationship between the function and perceived 
function, which are identified by exploratory factor analysis; then, 
consumers assess the impacts of the function, perceived function, and 
aesthetic impression on product advantage. 
Identifying perceived function
Exploratory factor analysis is used to identify perceived function and 
aesthetic impression in the data, which is described in Table 2 with 
the total satisfaction (Q9) removed. Table 3 displays the factor loa-
dings and variance explained, and the eight items converge on two 
factors. The first six items—image stabilisation and camera modes 
(Q6), screen visibility (Q7), battery life (Q4), image quality (Q2), 
mode-of-use (Q3), and grip performance (Q8)—revealed strong loa-
dings on Factor 1; aesthetics (Q1) and the portability of form (Q5) 
loaded on Factor 2. The theoretical discussion for each factor is pro-
vided as follows.
Table 3. Factor Loadings and Variance Explained
Item
Factor Loading









Variance Explained (%) 45.119 19.865
Extraction method: factor analysis; rotation method: varimax with Kaiser 
normalisation; total variance explained: 64.984%; N = 112.
As noted above, perceived product quality seems to be structured by 
utilitarian and hedonic values. A digital camera’s predictive utilitarian 
values involve functions related to taking a picture. The items strongly 
loaded on Factor 1 provide an evaluation of these basic functions. 
These are the functions that users understand as being related to the 
actual use of the product. Therefore, Factor 1 is defined as utilitarian 
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value. Meanwhile, Factor 2 is loaded by aesthetics (Q1) and portabi-
lity (Q5), which relate to the artistic aspects that users perceive in a 
product’s form. Thus, this factor is defined as hedonic value, meaning 
that Q5 is not a utilitarian value related to taking a picture for the 
users, although it is predicted that Q5 is physically influenced by te-
chnological specification (weight and thickness).
This result also indicates that image quality (Q2) and grip performan-
ce (Q8) loaded for both utilitarian and hedonic values, implying that 
the users perceive such functions through product forms. In general, 
these functions are the iconic features of the digital camera, which 
is illustrated in product form. This study therefore identifies these 
functions mediated by product form as perceived function, whereas 
visual attractiveness and beauty (Q1 and Q5) are identified as aesthe-
tic impressions.
Analysis of product advantages
Exploratory factor analysis identifies the factors that users perceive 
from product forms. Then, confirmatory factor analysis is emplo-
yed to examine the extent to which there is a relationship between 
function and perceived function, and consumers assess the impact 
of function, perceived function, and aesthetic impression on product 
advantage.
A partial least squares structural equation modelling (PLS–SEM) esti-
mation approach is used to test this theoretical model (Hair, Sarstedt, 
Ringle, and Mena, 2012). Although the SEM approach also includes 
covariance-based SEM (CB-SEM), PLS-SEM is more suitable when 
the theory is less developed and when the goal involves identifying 
key driver constructs (Hair, Hult, Ringle, and Sarstedt, 2017). Table 4 











PF_1 How is the image quality? (Q2)
PF_2 Does it have a good grip? (Q8)
Aesthetic Impression (AI)
AI_1 How are the aesthetics? (Q1)
AI_2 Is it compact? Is it easy to carry around? (Q5)
The perceived function (PF) and aesthetic impression (AI) are quoted 
from the previous factor analysis results. The specification (SP) has 
four measured indicator variables obtained from Kakaku.com: pixel 
and sensor size, on which PF_1 depends, and weight and thickness, 
on which PF_2 depends. The product advantage (PA) includes the 
launching prices obtained from Kakaku.com and the users’ total sa-
tisfaction (Q9 in Table 2). Product price has a relationship with the 
characteristics that represent product quality; however, the down-
ward price pressure of the digital camera is independent of techno-
logical evolution (Fehder et al., 2009). Therefore, Fehder et al. (2009) 
used hedonic models to illustrate the relationship between a digital 
camera’s price and its changes in quality and referred to the price in 
a product’s first week on the market to analyse technological shocks. 
Additionally, the total satisfaction obtained from Kakaku.com equals 
the comprehensive product value as perceived by the users.
The path model displays the relationships between PA and SP, PF and 
AI. SP has a durable path to predict PA; one is a direct effect, and the 
other is an indirect effect as mediated by PF. The indirect path is the 
mediating effect to explain how the users perceive the results of tech-
nological development from product forms.
The data obtained from Kakaku.com include the collection of ques-
tionnaires during the same period of time. Therefore, this paper 
conducted Harman’s single-factor test to confirm the presence of 
common method effects (Podsakoff and Organ, 1986). The result 
indicates that the first factor did not account for a majority of the 
variance (45.939%). Thus, the test failed to identify the common 
method variance as a problem. 
Result
Table 5 illustrates the various constructs’ outer loadings. The two 
indicators (SP_1 and AI_2) are eliminated in the exploratory analy-
sis process because their outer loadings are less than 0.4 (Hair et al., 
2017). The remaining indicators’ outer loadings are all 0.7 or higher. 
Cronbach’s α is the traditional criterion used to evaluate internal 
consistency, but it is not suitable for PLS–SEM because of a severe 
underestimation when using a small number of items in the scale 
Figure 6. Path Model
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(Wong, 2016). Composite reliability is employed instead of Cronbach’s 
α to evaluate internal consistency reliability (Wong, 2016). The com-
posite reliability results are acceptable because they are all greater 
than 0.7 and do not surpass 0.95 (Hair et al., 2017). 
Table 5. Results of Outer Loadings’ Significance Testing
Latent Variables Indicators Outer Loadings t-value Composite Reliability AVE
PA PA_1 0.841 22.204*** 0.796 0.661
PA_2 0.784 21.973***
AI AI_1 1.000 - - -
PF PF_1 0.927 48.974*** 0.840 0.725
PF_2 0.769 10.242***
SP SP_2 0.824 12.265*** 0.935 0.827
SP_3 0.954 61.599***
SP_4 0.945 75.654***
All constructs in average variance extracted (AVE) satisfied the level that 
should be greater than 0.5 (Hair et al., 2017). Discriminant validity is tes-
ted using the Fornell–Larcker criterion (Fornell and Larcker, 1981), and 
the results provided in Table 6 demonstrate that the discriminant validity 
is adequate. We also evaluate the structural model in addition to testing 
the measurement model. The results of collinearity assessment and the 
effect size are provided in Appendix A. All variance inflation factor (VIF) 
values are less than 5, and all f2 values are greater than 0.35. 
Table 6.  Fornell–Larker criterion
Latent Variable Correlations (LVCs) Discriminant Validity Met? 
PA SP AI PF
PA 0.813 Yes
SP 0.761 0.910 Yes
AI 0.511 0.069 - Yes
PF 0.729 0.377 0.557 0.852 Yes
Figure 7 presents the relationships between each construct. This re-
sult demonstrates that all constructs supported a positive effect 
on PA (p < 0.001), and SP has the strongest impact. This paper’s 
theoretical framework indicates that users perceive technological 
changes through a product’s form, although the R2 value of PF is 
less than 0.25, and thus SP cannot adequately explain the variance 
in PF. Therefore, the indirect effect between SP and PA through 
PF should be considered, and the mediating effect can be exami-
ned using Preacher and Hayes’ (2008) procedure. Table 7 presents 
the results of the mediating effect, which indicate that no indirect 
effect on PA exists through PF. 
Figure 7. PLS Path Model Estimation








VAF t-values Mediation Effect
Direct Effect SP --> PA 0.611 n/a n/a n/a 7.953***
Rejected
Indirect Effect
SP --> PA 0.800 n/a
0.930 0.139 2.741***SP --> PF 0.377
0.130
PF --> PA 0.345
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Discussion
Whilst the specification supported the positive effect on perceived 
functionality, the R2 value of PF was less than 0.25. Thus, the specifi-
cation cannot adequately explain the variance in perceived function. 
Moreover, there is no indirect effect of the specification on product 
advantage through perceived function. These findings imply that 
reflecting such incremental technological changes in product form 
would have a relatively small impact, and perceived function is more 
likely affected by other factors. Meanwhile, the function described by 
the specification demonstrated a stronger effect on product advantage 
than on perceived function through product form. The finding shows 
that the evolution of function is unlikely to be evaluated by perceived 
function.
According to Hoegg and Alba (2011), the users’ functional evalua-
tion through product form is limited to perceptions structured by 
individual product experiences (Kreuzbauer and Malter, 2005). For 
example, a new product imitating the form of another product that 
has an advanced function would make users perceive the new item as 
similarly superior to other products, even if it is actually inferior to 
the others. Hoegg and Alba (2011, p. 356) notes that ‘it is likely that 
most visual differences in functional performance are not overwhel-
ming and must be emphasised through marketing effort’. Therefore, 
despite the recent attention to aesthetic innovation, communication 
of functional advantage to consumers through marketing efforts is 
nonetheless important. This tendency is also supported by our obser-
vation of a stronger effect demonstrated by specification than aesthe-
tic impression and perceived function on product advantage.
Moreover, our results highlight that the combination of higher 
perceived function and ergonomic advantage communicates product 
innovativeness (Moon et al., 2015) although Borneman et al. (2015) 
indicated that the impact of ergonomics on product advantage is in-
dependent from the level of function. In these studies, ergonomic 
advantage is the perception that consumers perceive and understand 
through product form as well as perceived function. Thus, in these 
studies, the evaluation of the ergonomic advantage perceived by vi-
sual sense is influenced by perceived function (Moon et al., 2015) but 
not by function (Borneman et al., 2015).
Although ‘understanding experiential products such as automobi-
les is not merely a matter of evaluating a list of technical specifica-
tions’ (Kreuzbauer and Malter, 2005, p. 169), understanding products 
through their forms is limited and distorted. The degree of betterment 
can be perceived through the product’s parameters and the users’ ac-
tual use as utilitarian value. This implies the necessity to focus on both 
technology and product form (Candi and Saemundsson, 2011; Creu-
sen and Schoormans, 2005).
Conclusion
Theoretical studies have emphasised that products should reflect te-
chnology development in their forms, regardless of radical or incre-
mental innovation. However, empirical studies have yet to explore the 
impact of technology through product form on product advantage. 
Integrating these theoretical and empirical perspectives, this study 
found that the consumer perception of technology in product form 
is judged in two domains of product value—utilitarian and hedo-
nic—which consumers evaluate based on product specifications and 
actual use and based on observing its forms, respectively. This study 
defined the consumer perception of technology in a product that ge-
nerates both the utilitarian and hedonic values as ‘perceived function’ 
and conducted a comprehensive analysis of the impact of functions, 
perceived function, and aesthetic impression on product advantage.
First, this study contributes to the theoretical understanding of a pro-
duct form’s role in communicating its functional features. Most pre-
vious literature neglected the difference between function and percei-
ved function (see Hoegg and Alba, 2011). This conceptual confusion 
seems to have been a barrier to progressively understanding the 
trade-offs between ergonomic value and function in product form. 
The present study found that the evolution of function has a relatively 
small impact on perceived function that serves as a product’s iconic 
feature. Thus, the evaluation of the ergonomic advantage perceived by 
visual sense is influenced not by function but by perceived function.
Second, the study contributes to the discussion on the performance of 
design in innovation management. Previous empirical studies have sepa-
rately discussed product form and function, but this study comprehensi-
vely examined product form and the description of technology develop-
ment through which consumers perceived utilitarian and hedonic values. 
The findings reveal that consumers tend to evaluate technology develop-
ment based on descriptions of technological specifications and the actual 
use of the product rather than based on observing product forms. Thus, 
technology development is worth further investigation, although there is 
an increased emphasis on the power of product form.
Additionally, our methodology contributes to developing a compre-
hensive analysis of function and product form. The existing literature 
primarily evaluated function as a utilitarian value only through con-
sumers’ visual perceptions of a product’s appearance. Alternatively, 
this study’s data source involves users’ responses to actual use, which 
allowed us to identify utilitarian values that users also perceived from 
product form and then examine how changes in product form and 
description of technology development generate product advantages. 
Moreover, the data set involves two methodological advantages com-
pared to the above studies’ data sources—it is accessible to anyone, 
and it has abundant data (reviews). Fehder et al. (2009) demonstrated 
the usefulness of such a data set as a novel source for econometric 
analysis. This empirical analysis is beneficial for managers who stru-
ggle to understand the performance of technology and design.
Limitations and future directions
Despite the contributions here, we also note a limitation of this study. 
The exploratory factor analysis failed to categorise the mode of use as 
an ergonomic advantage, regardless of the indication from theoretical 
studies (Crilly et al., 2004). The data set has a weakness in that attribu-
tes of the survey respondents and their evaluation processes are out of 
our control, although it has the abovementioned merits.
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Product development is a highly aesthetic and technological activity 
in which countless, mutually influential factors are involved. Despite 
the limitation, our introduction of the concept of ‘perceived function’ 
may shed light on a new aspect of research on technology and design. 
We hope this study will be a starting point for the emergence of a new 
stream of research on human–product interactions.
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Appendix





Table A2. Results of f2 Effect Sizes
f2
PA PF
SP 2.184 0.165
AI 0.358 n/a
PF 0.482 n/a
